TECHNISCHE -
UNIVERSITAT Ec? nEcSe?)ItEN
DRESDEN ~h

Aspects of Modelling the Cleaning of a Chocolate
with Yield Stress in a pipe using CFD

V. Liebmann?!, M. Heide?, K. Schoppmann’, H. Kéhler? and F. Rudiger’

TU Dresden // Institute of Fluid Mechanics'
TU Dresden // Institute of Natural Materials Technology?

Lille, 28.03.2022



Challenges in chocolate cleaning

— Chocolate consumption per year in Germany — Empirical design of cleaning processes
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— Improvement of cleaning processes through use of CFD simulation

® = &

-
physical model scalability consumer safety environment

TECHNISCHE Aspects of Modelling the Cleaning of a Chocolate with Yield Stress in a pipe using CFD

UNIVERSITAT V. Liebmann, M. Heide, K. Schoppmann, H. Kéhler and F. Rudiger Folie 2

DRESDEN Fouling and Cleaning in Food Processing Conference 2022



Cleaning of chocolate

— Cleaning of chocolate from pipework by flushing — Modelling requirements and structure of this

displaced chocolate with displacing chocolate

«  White chocolate = displaced

« Dark chocolate = displacing
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presentation

» Fluid properties
o Rheology
o Density

« Chocolate specific phenomena
o Wallslip

« Numerical approach
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Aspects of Modelling the Cleaning of Chocolate

Rheology
— Measurement of rheological data of - white chocolate
white and dark chocolate for different —28°C
—35°C
temperatures —40°C
45°C
« Fit of different models to 100 - —52°C
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Aspects of Modelling the Cleaning of Chocolate

Rheology

1 — Windhab model
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Aspects of Modelling the Cleaning of Chocolate
Rheology

— Implementation of Windhab model in OpenFOAM - Verification of the implementation

using the kinematic viscosity «  Maximum relative error ¢ at plug flow

radius and constant relative error in plug
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Aspects of Modelling the Cleaning of Chocolate

Density

— Norm object weighed in
air and liquid of

unknown density

norm
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= chocolate + oil
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Aspects of Modelling the Cleaning of Chocolate

Wallslip

— Chocolate = suspension of cocoa, sugar and milk particles in

cocoa butter
— Segregation of particles leads to different rheology

— Resolution of small layer with different rheology = high

computational cost > model as wall slip velocity instead

Reality Model
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Aspects of Modelling the Cleaning of Chocolate

Numerical model
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Cleaning simulation

Results
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tins

Cleaning starts when front reaches cross section -

Ag >0

Quick increase in cleaned cross-section due to

displacement of white chocolate in core region

Removal of remaining white chocolate layers on the

walls slower

Influence of elbow on distribution of chocolate

downstream only visible for small ratio of Aq /A
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Cleaning simulation

Results
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Cleaning simulation
Conclusion and outlook

— Rheology of chocolate best described by Windhab model for different

temperatures and shear rates

— Influence of wallslip negligible for high ratios of wall shear stress to yield

stress

— Removal of chocolate from plug flow region quick, whereas removal from

walls slow

— Velocity profile not differentiable near the interface for low ratios of

flushed cross-section to overall cross-section

— Definition of a cleanliness criterion, e.g. minimal residual layer height
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